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Preface

Sustainable development is now one of the main drivers in many businesses. For sometime in the past, it was only part of the official policy of the companies, but now business targets are set for making a significant contribution to sustainable development. To meet these targets, manufacturing processes and products have to change. These changes are to be made by engineers and engineers make these changes via designing new processes and new products. The design is the language vehicle by which the constructors can make the new process and the means by which the product manufacturers can make the product. Sustainable design is thus the key step in meeting the sustainable business targets.

In our industrial experience, we have discovered however that it is not so easy to make designs that contribute to sustainable development. The reasons are that the concept of sustainable development has wide-ranging implications, totally different dimensions relating to social, environmental, and economics, hence a long-term view has to be taken and total life cycle effects have to be taken into account. In fact, the sustainable design has to be embedded in the social, economic, and environmental context in such a way that it addresses the needs of people so that the local society prospers, no harm is done to the local and global environment, and that the companies involved make long-lasting profits.

As engineers love structure, the book is highly structured. Chapter 1 contains an introduction to sustainable design, discussing the system approach and an appropriate description of sustainability. Chapter 2 provides a step-by-step method for the actual design process in which for each step problem definition, synthesis, analysis, and evaluation, guiding principles and hints are provided, all in view of obtaining a sustainable design result. Chapters 2 and 3 describe the four context levels, planet, society, business, and engineers, so that the engineer can quickly identify which context levels are relevant for certain aspects of the specific design to be made. Chapter 4 provides methods and tools for the design steps. Chapter 5 contains proven methods for teaching and acquiring sustainable design competences.

We have written this book to aid the professional designers in industry and to aid students and professors. The information in this book has been tested in many years of teaching sustainable design in academic and industrial settings. The book is meant for all engineering disciplines and for designing any artifact. To that end, only generic design steps, guidelines, and methods are provided. We expect that professionals outside the engineering disciplines find the book useful for making plans or policies, because these activities can also be seen as design activities.

Finally, the book will also be useful for those who quickly want to acquaint themselves with the main aspects of sustainable development.
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On becoming a 21st Century Engineer: everything changes, everything is connected, engineering and engineers have never mattered more [1]. This book is on the professional and operational part of making a sustainable design, with practical applications, directed to all engineering disciplines. Before discussing design concepts and practical tools on sustainability, this chapter first explores sustainability, its interpretation in terms of definitions, the role of system thinking, and the scientific background (Industrial Ecology). Defining sustainability introduces the anthropocentric approach, the precautionary principle and system thinking. The latter also functions as an introduction of the Chapter (3) on Context: sustainability described in four context levels, Planet–Society–Business–Engineer. Finally a more practical and business related approach is discussed, Triple P, People, Planet, Profit/Prosperity.


Role of Engineers

The future is now: it is not a matter of ‘If’, or ‘when’, but on ‘how’ to incorporate sustainability [2,3]. Leading business journals report papers entitled like ‘There is no alternative to sustainable development’ [4], see also Box 1.1. Sustainability, is convincingly stated as the next [3,5] and necessary [2] revolution. Innovation trajectories are observed to be increasingly linked to sustainability [6,4]. But what is ‘sustainability’? Sustainability can be approached from many different perspectives, varying from North to South throughout the world, and from governmental regulations to market considerations. Also, professions each can have their share in working on sustainability.


BOX 1.1 SUSTAINABILITY AND BUSINESS

“The leading global companies of 2020 will be those that provide goods and services and reach new customers in ways that address the world’s major challenges – including poverty, climate change, resource depletion, globalization, and demographic shifts”. “The business is seriously incorporating corporate social responsibility.” Conclusions from a committee of the World Business Council on Sustainable Development (first quote) and the second one of the leading marketers, Harvard Professor, Micheal Porter [80].



Our focus is on the engineering profession. In 21st century most engineers are expected to be central in sustainability, as S.D. Sheppard states that engineering and engineers have never mattered more [1]. Engineers are working everywhere in the society, but most of their work is in the industry being the producer of products, energy, and, having an increasing share in the last decades, services. Therefore, engineering as a profession is in this respect broadly defined as being a practitioner in a technological surrounding, working on constructing artifacts in production plants, or the service industry. Their work increasingly incorporates sustainability. A first trend can be seen that throughout the past centuries, industry gradually moved from primarily focused on profit, to better labor conditions and the past decades, care of the environment or planet [2,7]. Globalization, increased transparency by better communication inspires and forces industry to subsequent steps toward sustainability, resulting in that engineers have a central role in developing and creating a sustainable world.

Figure 1.1, schematically shows the process of making a sustainable design: centered on the engineer’s design assignment, the design cycle (green arrows) incorporates the outer circles representing business, society, and planet. Industry increasingly incorporates processes from outside their fences in their business strategy. A typical example is the branch of chemical producers. Companies as DSM, Akzo Nobel and DuPont are in the middle of the supply chain, producing intermediate industrial materials. Increasingly, the branch of chemical companies is getting involved in the whole supply chain, and review the impact of their products, also to the up front part and to the end user phase. Service industries have connections to many companies from different branches and via their information and knowledge providing services can have even stronger impact on the whole supply chain, because they can change the behavior of employees and their companies. Incorporating external processes usually introduce non-technical items such as, ethical considerations, awareness and insight in global trends in business and society [8]. Engineers have never mattered more in a sustainable world, in which they are challenged to incorporate the additional requirements and conditions in making a sustainable design.

[image: image]

FIGURE 1.1 Schematic overview of making a sustainable design.




Exploring Sustainability

In order to properly describe what a sustainable design is, a starting point is to explore the term sustainability first. Further, despite the many different interpretations of sustainability, for application in a sustainable design a generic basic set of features of sustainability are described. An important aspect of sustainability is that it requires insight in the interdependency of subsystems, as of industrial production sites, societal trends, and environmental requirements. This system thinking implicates a holistic approach in making a sustainable design. Also, for engineers, Industrial Ecology, as the academic and research part of sustainability applied on an industry is of importance. And finally, after these more theoretical considerations, the commonly applied Triple P approach appears to be a good working metaphor in making a sustainable design.


Defining Sustainability

In the Western world, the definition is usually interpreted as sustaining the current state of welfare, closely related to environment: resources depletion, waste handling, recycling, and preservation of biodiversity [9]. However, on a global scale, the interpretation of sustainability usually is different, as it is based on the founding book ‘Our Common Future’, from the UN committee working in the mid 80s, chaired by Gro Harlem Brundtland [10]. Brundtland formulated personally as a compromise, a practical applicable definition of sustainability, found in the underlined text in Box 1.2. Sustainability is described as a broad term on a very abstract level, and on an anthropogenic basis, thus with the human development being central. As an extension of the Brundtland definition the Triple P; People, Planet and Profit definition was later developed and in the UN Assembly of 2002 modified to People, Planet and Prosperity (further on in this chapter a more detailed description is provided). The largest part of the book ‘Our Common Future’ is on these three dimensions with a strong focus on the essential needs of the world’s poor, closely related to inequity. The main critic on the Brundtland definition is that it is too anthropocentric, neglecting the ecological view [11]. This critic is counteracted by adding the precaution principle.


BOX 1.2 BRUNDTLAND DEFINITION

Sustainable development is development that meets the needs of the present without compromising the ability of future generations to meet their own needs.

It contains with it two key concepts:


• The concept of ‘needs’, in particular the essential needs of the world’s poor, to which overriding priority should be given; and

• The idea of limitations imposed by the state of technology and social organization on the environment’s ability to meet present and future trends [10].





The precaution principle concentrates on the environment as it is a better-safe-than-sorry principle that advocates the reduction of inputs into the environment of substances, especially where there is a reason to believe that harmful effects are likely to occur [12]. At United Nations Conference on Environment and Development (UNCED) in Rio de Janeiro the (non-binding) Rio Declaration 1992 was agreed with the following text: (Principle 15) “In order to protect the environment, the precautionary approach shall be widely applied by States according to their capabilities. Where there are threats of serious or irreversible damage, lack of full scientific certainty shall not be used as a reason for postponing cost-effective measures to prevent environmental degradation.”

A more practical interpretation of sustainability reveals a more deepening of what is actually meant by making a sustainable design. First of all, sustainability can be looked upon a so-called “contested concept”. This term indicates that, as similar to ‘peace’, everybody intuitively understands it’s meaning, however, in practice, the interpretation of the term may be different e.g., within a country, groups may interpret their situation differently: what is called peace by one group can be felt as being suppressed by other groups. A similar effect is occurring with sustainability: in fact the large majority is in favor for it, but the practical application is different [13]. An example is the food industry: food produced in a more sustainable way is usually judged as being more desirable, which obviously should be calculated for in prizes. However being at the mall, consumers are attracted by prizes first, and the various ways of marketing, e.g., referring to feeling well [14]. What in a Western country may be called sustainable (e.g., energy reduction), is no issue at all in developing countries.

A suitable description of a sustainable design thus requires social, cultural, and economic aspects (the anthropocentric view of Brundtland) and the precaution principle related to the environment. An example is “Sustainability in the end is a means of conducting environmentally sound economic activity for socially desirable outcomes” [15], p. 61. Socially desirable (the ‘needs’ of Brundtland, see above) incorporates assessment on social aspects. Human activities should not endanger global dynamics, resource availability, and the resilience of the ecosystems in a way that can cause problems to the self-sustainability of the current population or of future generations [16], p. 6. Important feature of sustainability is that it takes worldwide and long-term perspectives into account, emphasized by a more poetic description by John Ehrenfeld’s [17]: “Sustainability is the possibility that humans and other forms of life will flourish on the planet forever”.

Concluding, a sustainable design is described by: Without compromising usual design criteria such as costs, appearance and quality, all environmental impacts of a design outcome throughout the complete life cycle should be taken into consideration, including social and economic well-being, such as ethics and the environment [18].




System Thinking

To work on sustainability requires insight in the Human–Environment System (HES). A system is a set of interacting units with relationships among them [19], p. 16. In terms of the HES, this implies that concentrated on the human behavior, the understanding of the drivers of environmental awareness gives insight in the conflicting drivers which prevent sustainable behavior [16], p. 6. The complete picture of what today is known of the HES is very extensive and interesting, but also rather complex, demanding a thorough knowledge of interrelationships between society and environment [16,19]. For making a sustainable design, first insights and awareness of the HES enables the engineer however to explore relevant relationships.

To cope with complexity of the many relationships in the HES, hierarchy is applied to provide a structure in social systems [16], p. 418. The Miller’s levels of generalized living systems range from cell, organ, individual, group, organization, society to supranational level [16], p. 414, [19]. In this book, a similar hierarchy is applied: the engineer working as an individual or in a group, in organizations, in society, and at a supranational level. Organizations can be rather broadly defined, as an assembly of people who are jointly planning, coordinating purposeful action and having a formal membership [16], p. 419. In the view of an engineer working in a job setting, organizations are here specified to business: a profit based organization, active on a market. The society level includes institutions which are under governmental control. Finally the supranational level is here shortly denoted as planet, but includes organizations as the United Nations. All four context levels, which will be further explored in Chapter 3, are adding to incorporate the influences of the outside (or context) to the design assignment.

Within the hierarchy of the HES, description of interconnections of industrial system and natural world (or Planet) enlightens the situation which we face today. The planet basically includes living, and from the perspective of a human time reference, regenerative and non-regenerative resources. Regenerative resources can sustain human activities indefinitely, as long as humans do not “harvest” them more rapidly than they replenish themselves. Non-regenerative resources, as mining, oil production, can only be depleted. The industrial system produces waste, which damages the ability of nature to replenish resources. Finally, the industrial system is interwoven with a larger social system of communities, families, schools, and culture, thereby providing jobs, and welfare, but also causing pressure (stress, inequity) [2], pp. 23–24. This simple picture represents a finely woven network between society, industry and the natural world, in which the work field of an engineer on the job, only interferes in a very specified subsystem. In order to make a sustainable design, only knowledge is required on the subsystem representing the context of the design assignment.

Practical applications of system thinking lead to criteria for making a sustainable design. Analysis on a global scale, such as [16,19–21] give insight to the background of these criteria. Box 1.3 provides the design criteria of The Natural Step, which is one of the most widely known sets of principles and criteria for sustainability. Mimicking cycles in the natural world, material cycling systems are proposed, based on the postulate Waste Equals Food [7,22], using the nature’s rules to build sustainable profits [22].


BOX 1.3 THE NATURAL STEP

The Natural Step (TNS) formulates a practical set of four design criteria to transform debate into constructive discussion. The criteria all directly relates to conditions necessary for a sustainable society. They are to reduce and eventually eliminate our contribution to


• the build up of materials taken from the Earth’s crust

• the build up of synthetic substances produced by society

• ongoing physical degradation of nature

• conditions that undermine people’s ability to meet their basic needs [2], p. 382.



Source: http://www.naturalstep.org/the-system-conditions (accessed October 8, 2011)



System thinking with the combined contribution of social, environmental and economic aspects of the design implies an holistic approach [13,23]: the combination of the elements in a system has more impact than their summation could predict. Being designers, engineers define their own subsystem, within they face the complexity of an holistic approach which states that all elements of a system (in this case the defined subsystem) cannot be separately studied, but only in their combination. Otherwise stated, a sustainable design limits the flexibility of the designer [15], p. 108, that is, probably more solutions are rejected beforehand because they do not meet requirements connected with sustainability. Also, as sustainability is focusing on the future, a serious uncertainty in these limitations is introduced because of the unpredictable long-term implications of outcomes. Current design standards usually are based on proven best practices, which may not be robust on the long term [15], p. 108. Although obviously, these limitations can be turned upside down: there are many challenges for engineers!

Experience from daily practice and from class shows that broad thinking is easier said than done, for e.g., in a casus, a motivated group of students investigated the choice of materials with a Quick Life Cycle Analysis (LCA). The group used an advanced program for determining the impact of various materials for building fisherman’s houses in Sri Lanka, after the tsunami. They seriously defended that the front door should be made of mahogany wood, a very durable, locally available but also a very expensive material. From the viewpoint of LCA, it was an obvious choice, but from an holistic point of view, including local economics, it could be argued that it would be better to sell mahogany wood and use lower quality wood for the fisherman’s houses. Box 1.4 summarizes this observation in requirements for engineers, see e.g., the fifth point: what is the effect of the intermediate steps in processes? Shortly, system thinking with an holistic approach requires a broad, dynamic and process oriented view on design assignments [24], related to continuous improvement.


BOX 1.4 AN HOLISTIC APPROACH IN TERMS OF EDUCATION

The complexity that sustainability adds to the system of interest can be illustrated by challenges related to sustainability issues in educating engineers [24]:


• consider sustainability in all engineering decisions,

• account for social aspects,

• account for the natural environment,

• keep up-to-date,

• focus on process of acquiring solutions rather than endpoint, and

• encourage diversity within the profession.








Industrial Ecology

Industrial Ecology can be seen as the scientific part of sustainability as it studies the metabolism of industry, as a part of ecology, and in terms and in line with ecology [25]. In this respect, the industry is looked upon as an organism, in which parts interact resembling biological organisms. The resemblance is found in that resource flows, both in biological and industrial organisms, are transformed, e.g., in ecosystem engineering plankton blooms warm surface waters, and in industrial engineering, urban areas alter water flows [25], p. 71. The observation and starting point of IE is that the modern industrial sectors are closely integrated, as a network of technology. Represented as a tree of technology, materials and products fulfill unique niches, just as in biological symbioses [25], p. 73. Consequently, IE applies the biological toolkit to model and analyze the industrial sectors and interrelationships among them.

Ecological systems provide many insights and tools to analyze industry, such as metabolism, but also emphasize the many relationships between elements of the system. IE therefore not only concentrates on the material energy flows, but also on the information flows and interactions between system parts, such as government, society and industry; hence, it also incorporates social ecology. A strong driver in IE is that in nature, there is no such thing as waste. All materials of one cycle can be used in other cycles, e.g., manure of animal acts as fertilizer for plants, carbon dioxide is released by living creatures, but form the ‘oxygen’ of plants. In this respect, books as Cradle to Cradle [7], which focus on the material flow, and Earth Inc [22], on the managerial share of the life cycle, are closely connected to IE.

The steps to analyze the industrial connections consistof defining first the system of interest, after which models represent the structure or operation of an object or a system [25], p. 326. Systems may be urban ecology, or water ecology, or rather specific, the mining and usage of nickel. The system should be properly defined, to distinguish the human (driving) factors, and the environmental implications in transforming energy and materials. The scale obviously determines the amount of interrelationships in the model, which may be become complex, even on a relatively small scale. An example is the case of modeling flows of materials and money for biowaste and biowaste transformation for Canton Zurich, Switzerland. It shows the extensive material and money flow incorporated [25], p. 334. An important objective of IE is to understand by modeling these interrelationships and to research how to minimize waste and improve material and energy usage.

The knowledge provided by the analysis of IE will be of help to obtain a full description of the context of the design and make a proper assessment of the design result. IE therefore may be looked upon as a scientific foundation of the industrial oriented sustainable development. IE defines principles for Design for Environment and Sustainability, as in the well know 12 principles of green chemistry or for eco-innovation [6]. Also, the importance and usage of LCA is extensively investigated by IE. For a specific design assignment, elements of IE may be very useful to apply, but in many cases a full understanding and knowledge of all fields of IE is not necessary to make a sustainable concept design. In the final design stages however all aspects of the design and its context should be taken into account.




Triple P

After the more theoretical consideration of sustainability, system thinking, and the role of Industrial Ecology, the concept of Triple P provides a very practical application of sustainability. The financial and business world adopted the concept sustainability, but defined it further by introducing three essential dimensions of Sustainable Development namely: Social, Ecological and Economic dimensions [26,27]. This in turn was transferred into the Triple P bottom line: People, Planet, and Profit, by Elkington [28]. Soon after, a number of companies started using it (e.g., Shell [29]). According to the triple bottom line concept, equal weight should be given in corporate activities to:


• “People”, the social consequences of its actions

• “Planet”, the ecological consequences

• “Profit”, the economic profitability of companies (being the source of “Prosperity”)



The main point is that the “bottom line” of an organization is not only an economic-financial one – an organization is responsible to its social and ecological environment as well. From this “Triple P” perspective, an organization that considers a strategy of sustainability must find a balance between economic goals and goals with regard to the social and ecological environment.

Because of the Triple P success in industry, it also became popular with governments. In the United Nations World conference on sustainable development in Johannesburg, South Africa, 2002, the Triple P description was adopted and modified. The term Profit was changed into Prosperity. To quote:

“We, the representatives of the peoples of the world, assembled at the World Summit on Sustainable Development in Johannesburg, South Africa, from 2 to 4 September 2002, reaffirm our commitment to sustainable development. We commit ourselves to act together, united by a common determination to save our planet, promote human development and achieve universal prosperity and peace”[30].

To conclude, the challenge of “Sustainability is the possibility that humans and other forms of life will flourish on the planet forever” is made more explicit in looking at system thinking and the role of Industrial Ecology. The extended design circle of Fig. 1.1 to the four context levels in terms of sustainability can be practically applied by evaluating the social, economic and environmental aspects of the design assignment, summarized as Triple P.






Overview of Making a Sustainable Design

Making sustainable designs is the central objective of this book. Figure 1.2 shows the structure of the book, in terms of the design cycle. The (small) left column contains the elements of the design cycle: problem definition, synthesis, analysis and evaluation. The (large) right column has two areas: at the left side general elements of any design are listed. The area at the right shows the specific methods and tools relevant for a sustainable design. The topics of the next two sections accordingly are General Applicable Design Steps and Design Steps Specific for a Sustainable Design, respectively. Subsequently, the book focuses on sustainable design, but can also be used for designing in general.

[image: image]

FIGURE 1.2 Sustainable design cycle as a leading guide for Chapters 2, 3, and 4.


General Applicable Design Steps

In general human beings have a natural tendency and an ability to design when they have to solve a complex problem [31]. The method provided here is therefore meant to stimulate and facilitate this ability. It is based on long experiences of the authors with design and teaching design both in an industrial and in an academic setting. This book treats design as a problem solving activity using a proven stepwise method of problem definition, solution synthesis, analysis, evaluation and reporting.

The stepwise design approach is very fruitful for most types of design, varying from industrial oriented designs [32] to political and industrial policy design.

Figure 1.2 also shows feedback loops from analysis to synthesis and to problem definition. This is because during the analysis it may become clear that the problem is not sufficiently defined and also that the solution is not complete. In the problem definition step already preliminary solutions may come to mind. Hence, it is clear that the designing is not a simple linear logical procedure. The provided stepwise method is mainly helpful in providing hints and guiding principles in a structured way and helps inexperienced designers along their way to solutions.

Each engineering discipline has different wordings for the design steps, but the general sequence is the same. In the IT engineering discipline for instance the following steps are used: model business, analyze requirements, design, build, test, deploy. It is easy to see that business modeling and requirements analysis belong to: Define the problem, that design is the same as synthesis and that build and test belong to analyze. Only the evaluation step with stakeholders is missing. But this step is essential in sustainable design and therefore should always be present.

Forming the design group is also an important part of the design. Balanced small teams consisting of members with complementary characters and skills are the best. In most cases, the design group will be a subgroup of the total research or development team. The total R&D team will be much larger. Chapter 2 provides some methods to design such a design group both for courses and for industrial purposes.




Design Steps Specific for a Sustainable Design

The right side of Fig. 1.2 contains Triple P based drivers and constraints in making a sustainable design. Hints, suggestions, and tools are provided to successfully incorporate the context of sustainability in the design assignment. As will be advocated in Chapter 2, setting up a design assignment, sustainability especially determines the first stage of the design cycle, in the problem definition. Therefore, the challenges (and innovation) are discussed, with respect to radical innovations as symbolized by the so-called Factor 4 (or 10/20) improvement, as will be discussed in Chapter 2. The last step of Chapter 2 is to define the constraints on sustainability in terms of Triple P.

To enrich the imagination of the designer regarding sustainability, Chapter 3 provides an overview of the context on sustainability. The overview aims to give fundamentals on sustainability on the four context levels, enabling the designer to explore the specific area of interest with respect to the design assignment. Sustainability contains many temporal and locally oriented projects and subjects. Chapter 3 gives insights which are, regardless time and location, generic and illustrative for sustainability.

Having set the problem statement (Chapter 2), with generic knowledge on sustainability (Chapter 3), Chapter 4 discusses the three design steps directed to create and evaluate design solutions. Regarding sustainability, four specific design tools enables to quickly analyze Triple P in a future view: Quick Scan Life Cycle Analysis (Planet), Rapid Economic Analysis (Profit), Rapid Social Acceptance (People) and Scenario Set Building (Future). These methods are directed to a conceptual design, in which possibilities are explored in making a sustainable design.

Finally, Chapter 5 is on acquiring a sustainable development mindset and methods for design by learning and teaching.
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